Abstract-Systems Analysis modelling is considered foundational for Information and Communication Technology (ICT) students, with introductory and advanced units included in nearly all ICT and computer science degrees. Yet despite this, novice systems analysts (learners) find modelling and systems thinking quite difficult to learn and master. This makes the process of teaching the fundamentals frustrating and time intensive. This paper will discuss the foundational problems that learners face when learning Systems Analysis modelling. Through a systematic literature review, a framework will be proposed based on the key problems that novice learners experience. In this proposed framework, a sequence of activities has been developed to facilitate understanding of the requirements, solutions and incremental modelling. An example is provided illustrating how the framework could be used to incorporate visualization and gaming elements into a Systems Analysis classroom; therefore, improving motivation and learning. Through this work, a greater understanding of the approach to teaching modelling within the computer science classroom will be provided, as well as a framework to guide future teaching activities.
I. INTRODUCTION
Information Systems (IS) is growing in strategic importance as it combines the technical components, human activities and organisational needs for information processing [1] . System Analysis and Design (SAD) has been an essential part of developing IS and is considered a fundamental unit in ICT studies and a driver for process innovations within organisations [2] [3] . SAD includes instruction on the modelling techniques needed to represent requirements and systems' specifications [3] . The most common modelling language for system and process development is Unified Modelling Language (UML) which supports iterative development for the improvement and enhancement of modern, complex systems [4] .
Traditional learning approaches using UML have been challenged with regards to students' systematic understanding and learning performance of modelling techniques. The use of UML allows designers to describe various components of the system. However, it does not describe a process for capturing requirements [5] . When using UML, learners find it difficult to conceptualize a problem domain or narrative for better modelling decisions [6] . Some of the difficulties of understanding the system itself can lead to disconnection and therefore, learning disengagement [7] [8] . Methods such as gamification and visualization can contribute significantly in improving cognitive processing and abstract conceptualization when learning SAD. Visualization and gamification can also benefit model understanding and construction, but to date these methods have not been used in the SAD space [9] [10] .
A systematic literature review has been undertaken to identify the problems novice learners face in learning good systems modelling techniques., A new framework and example method, involving visualisation and gaming, have been drawn from the literature to provide greater understanding for students and to ultimately, answer the research question: What are the problems students face when understanding system modelling requirements and modelling construction from a traditional teaching approach. The literature review identifies and summarize existing research to understand what factors affect learning system modelling to inform the research questions.
II. BACKGROUND
As IS evolves through the digital era, it is evident that SAD skills are a cornerstone of the curriculum [11] . Analysis and design is arguably at the centre of the ICT discipline, and SAD is a required subject in almost all ICT curricula. It is also considered a foundation building block for ICT students [12] [13]. According to [3, p5] 'System Analysis and Design is an iterative process where analysts build models to represent the real world using Unified Modelling Language'. Analysis involves the decomposition of a complex problem into smaller, modular, simple but related pieces [14] . A model is a blueprint, which provides general and detailed information of a system under examination [8] .
According to [15, p.15] 'The model captures the important aspects of the thing being modelled from a certain point of view and simplifies or omits the rest'. A model is, therefore, created using a modelling language, such as unified modelling language, (UML) that incorporates semantics and notations. These representations help modellers to depict and display the construction of the system under development by using either text or graphics [16] . The UML notation is useful for graphically depicting object-oriented analysis and design models that display key aspects of systems [8] [17] and is considered a simplification of complex reality [18] [19] . The key reason for modelling is to build models that enable a system under investigation, structure and interactions to be visualized and understood, thus, supporting the modeller and the human stakeholders [20] [21] [16] . According to [22] the ultimate goal of the analyst is to take into account the reality of the environment in which the work takes place to have a better understanding of the scenario.
UML allows analysts to represent multiple views of the system using a range of graphical diagrams: such as use-case diagrams, class diagrams, state diagrams, sequence diagrams and collaboration diagram [23] . Within UML, one type of modelling technique is 'use cases'. This is a basic unit commonly taught to first year students in ICT programs. Use case modelling is performed in the early phases of the system development (analysis phase) to help developers understand the system and functionalities.
As stated by [24, p. 80] , use cases diagrams are important when modelling the behaviour of the system as they make many aspects visible to the analyst: Firstly, they display the major tasks that need to be fulfilled by a system, considering which actors (users) are involved in the achievement of each task. Then they consider the interaction between the use case, its actors and (the boundary of the system. Use-case diagrams are tools used to explain the user steps; which in turn show the structure and task to be performed by the system under investigation, or which model an existing system [25] [26] . The two major elements of a diagram are the actors or components which represent a user and interact with the system [3] . A use case represents a sequence of related steps initiated by an actor who interacts and uses the system in a specific manner [23] . During this process, use-cases and process models can be used to clarify and identify the requirements of the new system. This helps to explain additional content using a variety of formats [25] .
During the requirement analysis phase, the analyst sits down with the proposed users of the system and makes a comprehensive analysis of specific functions they would like to incorporate in the system. These are represented as use cases. This use case method has some difficulties in conveying requirements because it is document based, the complexity of the system cannot be conveyed, resulting in ambiguous and incomplete models. [27] [28] . Consequently, there is a need to identify the problems students face in modelling, the methodology of which will be described in the next section.
III. METHODOLOGY
This research uses a systematic approach to identify and evaluate article time horizon (timeframes), database selection, journal selection, article selection, classification and finally article analysis have been used. [29] [30] . The process of identifying and assessing all relevant published material permits researchers to define the quality of the evidence, summarize and compare resources.
In order to build a search string for the systematic literature review, three major search terms have been selected: Visualisation, System Analysis and Design and Gamification. In regards to System Analysis and Design, the search terms was refined to the string of SAD curricula, practices and standards. The search was conducted and constructed using systematic research guidelines [31] in which Boolean OR is used to incorporate associated or synonymous terms and Boolean AND is utilized to link the key terms. The references used for the systematic review bibliography provide an overview of SAD in tertiary education and the use of gamification in education, with a particular focus on the importance of ICT modelling and learning problems encountered. The literature review focuses on the learning of system modelling using visualisation and gamification to construct understanding, to engage in the learning process and to improve learning motivation and enhance performance outcomes.
Relevant references were gathered from several sources from 1994-2018. The following inclusion descriptors were used: (ICT education OR Learning OR Information System Analysis), ((System Analysis and Design (SAD)) OR (SAD education) OR (SAD modelling) OR (ICT education OR Learning OR Information System Analysis OR Educational Technology)). Exclusions used: not (Interpretation OR Inference OR Supposition). Descriptors included journal papers, workshop papers, instructions, handbooks, technology reports, thesis and dissertations, research articles, books and conference papers. References to seminal works, such as 'foundational theory' have been included in the literature review, and all references have been selected because they highlight both problems and potential solutions. The identified gaps in current understanding of system modelling provides pathways for research opportunities. These findings from literature review provide some system domain understanding to incorporate motivational factors with gamification and visualisation components that can synergise improvements in modelling with UML use cases. A particular focus on systems modelling is outlined, as some of the problems students face relate to understanding the modelling requirements from a traditional teaching approach. The use of visualisation and gamified approaches and the purpose of this research is to build an intervention to improve learning performance.
For the identification and location of papers, addressing SAD and visualisation, a scientific database search was used. This database included research on a hundred and twenty relevant references gathered from several sources. Twenty-four references were excluded. Only fifty-eight refined references were included in this paper. The search execution was based on reputable resources and databases such as ACM digital library, EBSCOhost, IEEE Explore, Science Direct, Emerald, Computers & Applied science complete, Wiley Online library, Springer Journal Online and Google Scholar. Table I presents the literature and links each paper to the problems which have been distilled out of an analysis of the literature and the general emergent themes. These are discussed in the Analysis section. V. ANALYSIS While conceptual modelling is crucial for building a quality model design, there are also some factors which make learning difficult. The literature suggests that modelling is a difficult skill to acquire and there are four main reasons summarized from the literature. These are inexperienced cognitive processing (evaluation), the complexity of the modelling language (synthesis), the abstract conceptualization of the model (analysis) and a lack of feedback (application) [6] [ 32] [33] [34] .
IV. RESULTS
These four identified problems can be mapped using a structure provided by Bloom's taxonomy. This taxonomy is a hierarchical multi-tiered classification of learning that infers the level of cognitive achievement [35] [36] . It has also been used as a method of classifying educational objectives, experiences and learning processes [37] . Bloom's taxonomy focuses on higher order thinking and lends itself well as a guidance structure to the problems encountered in system modelling. This hierarchical framework can assist in designing tasks, assessments, developing questions for student discussion and providing feedback.
Problems have been identified with higher levels of cognitive processing as per Bloom's taxonomy. These problems lie in the evaluation, synthesis, analysis and application of learning. On the surface, students appear to have problems in lower levels of knowledge and comprehensionrelated-learning as per Bloom's hierarchy. However, the difficulties they face are essentially problems associated with higher levels of cognitive processing that do not lend themselves to conventional learning environments [38] .
The four problems identified (P1, P2, P3 and P4) are referred to in the next section and are described from the highest to the lowest levels of learning according to Bloom's taxonomy. However, it should be noted that in Blooms revised taxonomy the various levels overlap and are not forced into a strict, single hierarchy [38] 
A. Evaluation: Inexperienced cognitive processing (P1)
When learning modelling, experience is required to click and connect processes into a diagrammatical representation or model. Novice learners often come to the classroom with poorly constructed cognitive knowledge surrounding modelling [6] [40] . This includes a lack of understanding of concepts and modelling foundation. For example, novice learners do not recognise that clarity of the foundation to capture model dynamics is more important than the complexity of modelling [33] . As per [41] , errors in system analysis and design processes occur in earlier analytical stages and can be time consuming and expensive to remediate at a later design stage. When working with inexperienced first year students, ensuring that they acquire a good conceptual understanding of modelling may help to remediate the problems found at a later stage.
In addition, inexperienced individuals also tend to focus on one task at a time, which does not allow them to contrast, consolidate and validate a potential model solution [42] . Learners' progression, with modelling from a static view of UML, can be limited by their assumptions and lack of evaluation. In the evaluation process, learners can provide recommendations for actions based on judgments in an effective way [36] . For example, a live scenario with model constraints may allow for a visual assessment of a scenario for better understanding and evaluation [6] .
Cognitive processes, in the novice analyst, are significantly lower than in those of the expert, as the expert is better at critical testing of hypotheses, model-based reasoning, cognitive domain knowledge and prioritizing what is important [40] . A strategy is needed to assist the learners to break down the requirements from the narrative to construct a model. This process involves creation of knowledge, evaluating the merits of each evidence. Whereas, the process of synthesis involves combining ideas such as language structure for model construction [38] .
B. Synthesis: The complexity of the modelling language (P2)
Secondly, the complexity, inconsistency and redundancy of UML diagrams limit the effectiveness of compiling information requirements to be translated into practical diagrammatical representations [32] . As a communication tool for stakeholders in software development such as end-users, system designers and modellers, a modelling language should be easy to use and understand and should also facilitate the communication of ideas [27] . However, difficulties in learning UML language include the notation and its structure, a combination of which can be daunting for novice modellers. UML's intrinsic theoretical complexity limits the effectiveness of compiling information using graphical notation from narratives [32] . Students struggle with the analysis and formulation of the model as they have difficulty developing ideas from apparently unrelated parts.
In addition, as stated by [43] a negative aspect of UML diagrams is that its monochromatic representations and static language try to represent dynamic behaviours of a system which end in a 'lost in translation' dialog. Cognitive processes such as search, recognition and inference, may be hindered by the similarity of graphical UML language making the process of modelling construction difficult. For example, some UML notation elements are not well differentiated; for example, the different arrowhead styles in a solid line representing different messages [4] . Furthermore, modelling languages such as UML do not tend to follow a pedagogical perspective as they do not take into consideration learners and their interaction with the model when creating and combining ideas [44] [45] . Synthesis is a process of forming ideas for model creation, as creating is more complex than evaluating [38] .
UML lacks a systematic pathway of guiding learners through the use of the techniques and the modelling construction process as every system is different [27] . Learners need to breakdown ideas into parts and form logical connections for analysis and conceptualization.
C. Analysis: Abstract Conceptualization of model (P3)
Conceptual modelling is the abstraction of a model from a real-world scenario or a narrative and involves selecting what to use and what not to use from the problem domain [46] . Appropriate extraction of essential requirements, from the abstract narrative, to construct a model is a difficulty student's face [47] . In this stage, learners examine and break information into parts by identifying characteristics, finding evidence and making inferences from what could happen in the story in real life.
Research shows that learners do not process the entire conceptual modelling of information as no individual can understand every aspect of a complex system. This explains why models and interactive visualisations are needed for better understanding. Instead, learners focus on specific areas and components of the model and connect their understanding by integrating pieces and portions of the model [33] . As a result, learners become disengaged and demotivated, as they find it hard to understand the connection between the concepts and the model components without a visual learning aid [48] [49] . When learning use case diagrams, UML language, as a visual aid, is limited and insufficient to represent an abstract scenario. For example, software engineers face problems using, adopting and understanding the UML language because boxes, ellipses and arrows are limited aids when designing a system to represent an abstract scenario [50] .
Robinson [46] states that the conceptual model should include the system description for analysis. An analysis which includes what is known about the real system and how the model has been abstracted. The conceptualization and abstraction of reality can be a barrier for learning that needs to be crossed [51] . According to [46] the system description, the conceptual model generates confusion as they are seen as indistinct. However, a conceptual model is a simplification (abstraction) of the system description, therefore, the model created is a highly simplified representation of the real world.
Thus, one of the challenging issues in simulation modelling is analysing, defining and describing the content of the system [46] . [45] Suggest that modelling frameworks help to address this problem. The authors incorporate modelling frameworks that not only focus on capturing model content, but also consider the understanding of the problem context and the components to be represented in a model. The use of frameworks also aims to address the lack of guidance for model construction, seen in traditional modelling teaching, to encourage student learning motivation. This approach aims to additionally reduce model scope and improve modelling accuracy by constructing simple models to improve system understanding [45] . [52] Suggests, however, that more encompassing frameworks need to be developed to provide a tested and thorough means of communicating the complexity of modelling conceptualization.
D. Application: Lack of Feedback (P4)
The traditional approach to modelling lacks feedback mechanisms, validation procedures and tool support, making conceptual modelling a challenging skill for learners to acquire [34] . In this level, learners present and make judgements and form opinions when receiving feedback to validate reasoning, ideas and the quality of their work.
The purpose of evaluation is to determine whether the developed model is appropriate and whether it addresses the problem under investigation [46] . For instance, in modelling environments the goal is to develop the model under consideration. However, there is a need to shift from resultoriented modelling in the traditional teaching method to a process oriented modelling. In this way, the evaluation building process becomes more transparent and traceable and can be visualized in a step-by-step manner so that feedback can be provided in real time or through post-model design by the tutor. Feedback is not provided when using traditional modelling tools such as MS Visio, Smart-draw or Concept-draw diagram software, so there are no predetermined directions to explore when constructing a model. This, therefore, becomes the instructor's job [53] [54] . It is important for the instructor to firstly create a mechanism to break down the modelling process determining where to start, pause, stop and finish the task. It is also necessary for the instructor to make learners aware of these mechanics through ongoing feedback [55] . The execution of the iterations in model construction requires practice based on analysis of the feedback provided to ensure a good learning design.
Traditionally there is an absence of practice using multilevel examples of problem representation in the classroom. This progressive practice is needed to increase learners' knowledge, cognitive skills and experience [54] . The use of simple to complex models are necessary but these are not detailed enough to allow learners to be involved in scaffolding their own learning towards more complex scenarios. The use of computer supported learning activities such as interactive tools, audio-visual tools, simulation and visualisation in conjunction with gamification can be adopted to motivate and support learning and skill development by providing feedback [7] [56] [57] .
VI. DESIGN FRAMEWORK
A framework has been developed to address the problems identified in the literature. This framework shows a sequence of activities developed for system requirement understanding, incremental modelling and sequence solution understanding within a loop. A loop is a complete round that includes four steps: conceptualization, connection, construction and consolidation (4C). In each loop, feedback can be provided to assist learners to consolidate their learning. This process is achieved by repeating and rehearsing an applicable step of the 4C to enhance use case modelling learning. More dedicated feedback can also be provided at the end of the consolidation step based on learners' actions to cement modelling understanding.
[52] Suggested that a framework has to be developed to provide a sequence of activities needed for model development and understanding the sequence of the solution. The idea for this framework has been taken from [9] who used a hierarchical framework using game-like fashion elements supported with an appropriate visual representation, and is informed by the previous literature review on ICT modelling.
To this end, Figure 1 shows a framework (4C) that has been developed to help with system modelling. This approach will help learners to understand requirements from a live scenario and, therefore, reduce cognitive workload while building a model. The use of the '4C' modelling framework will reduce the effects of cognitive workload.
The above mentioned framework will provide students with solution support when building a model by using 4 steps.
Conceptualization: assists students with the immersion and analysis of the problem by using a visual learning system. Connection allow learners to understand interactions between the components and connect and understand UML language syntax. Construction helps with model abstraction and UML construction from the real world scenario and Consolidation allows learners to understand the complexities of the modelling process by providing feedback as well as providing ongoing practice and modelling rehearsal. This framework can be utilized during a visualized intervention. Users can walk around real or virtual environments and understand how system components interact. It allows students to understand requirements, complex design, spatial connectivity and feedback mechanisms all of which allow learners to understand scenarios using a visual learning system.
A feedback loop helps learners consolidate their learning by repeating and rehearsing most salient step from 4C to enhance use case modelling learning. Meaningful feedback can also be provided at the end of the consolidation step to cement learning. Table II Visualisation and gamification are proposed as methods to advance students' comprehension of scenarios and reduce problem complexity by using visual representations of the system and its abstractions. Immersing students in the scenario either physically or virtually, and incorporating puzzle like connections, digital badges and feedback has the potential to improve the evaluation, synthesis, analysis and application of modelling systems when compared to a traditional approach. This experimental design will address the problems identified in system modelling as P1, P2, P3 and P4.
To conduct the experiment a visualisation approach, aided by gamification, will be implemented into three standard tutorial exercises. To address P1, the experimental group, will use a virtual world to experience the scenario rather than being given a traditional use case narrative, students will use a virtual world to experience the scenario in order to address P1-evaluation problem. This approach will better engage the students allowing them to gain domain knowledge and receive feedback to construct a use case model. The user observes this environment and increases their conceptual understanding; they can also track how the user moves through the environment using data. This experimental design has been guided by the '4C' framework developed for this intervention (Figure 1 ).
In the conceptualization phase, students will experience, be immersed in and explore virtual environments in which a typical system scenario is portrayed. This will enable them to discover elements that can be modelled. Virtual scenes can be used and learners can visualize and gather items in the form of collectable puzzle pieces from the scene which can be transformed into UML symbols. Rather than reading a narrative, students enter a virtual environment. This will help to address problem P1 evaluation domain and also P3 analysis/abstract conceptualization of the model. The aim of virtual immersion is for learners to extract symbolic meaning from the real-world scenario in a given context. While in the virtual world, learners will be required to discover relevant actors who interact with the system under analysis and also identify use cases (activities). This will assist learners in conceptualizing and forming ideas as well as providing them with a broad view and spatial scale of the scenario.
In the Connection phase, components that have been collected can be virtually connected in a puzzle-like manner, adding a gamification element to the intervention. For example, in a case scenario, puzzle pieces will be used to resemble UML symbols from that scenario. These can be virtually or physically connected to determine correct relationships between actors and use cases. This will allow learners to understand interactions and connections between the components and relevant activities. This phase will address problem P2 synthesis/understanding the modelling language.
Using puzzles will also help learners to comprehend the UML language by connecting the parts modelling structure (syntax) into a symbolic illustration which represents the use case model (semantics). In conjunction with the virtual environment, the use of puzzles allows feedback loops to provide guidance to the learners during model construction, addressing P4 application/lack of feedback. Students will be able to visualize puzzle pieces that do and do not join together.
The Construction phase will follow the Connection phase as the various connections students have made between actors and use cases will form the basis of the entire system's use case model. This phase will help with model abstraction from the real-world scenario as well as supporting learners with the UML model construction using a visual learning method. Correct connections completed in a timely manner will accumulate points for students and will be charted in a leaderboard, thus, providing a motivational element to the activity. The winner of the challenge will be the one who collects the most points.
This visualisation and gamification technique provides participants with a sense of challenge, engagement, involvement and active motivation. All of which, addresses problem P3 and P4 by building the conceptual model to incorporate feedback.
In the Consolidation phase, students will repeat the activity several times, using different scenarios, to practice and rehearse their analysis and using the feedback provided will develop their case modelling skills. Rehearsing in this way will address problem P1, P2, P3 & P4 by allowing consolidation of evaluation, synthesis, analysis and application. This phase will allow learners to understand the complexities of the modelling process and interactions by assisting them with UML reasoning construction.
In addition, after students have accomplished each of the four phases (conceptualization, connection, construction and consolidation) as well as the relevant learned skills within that phase, they will be asked to acknowledge whether they understood the elements of the specific phase by completing a short response checklist outlining modelling skills. Students will then procure a competence badge as evidence of achievements or status recognition. For example, a bronze badge will represent participation, a silver badge will represent a phase of achievement, and a gold badge will represent demonstrated competence in performing a full-scale system model. This use of digital badges will be employed with the purpose of increasing motivation and engagement as the badges can be used as evidence of achievement and learning recognition [58] . This paper has presented a comprehensive literature review and framework for enhancing system analysis and unified modelling language teaching. This, framework, provides a platform to move from unidirectional teaching into a more experiential, interactive mode to facilitate the learning of system modelling. The systematic literature review and analysis of the literature informed the development of the framework and will inform ongoing experiments that can be used in a classroom setting.
This paper also presented a template intervention using the developed framework '4C', which includes a sequence of activities for system requirement conceptualization, incremental modelling and sequence solution understanding within a loop for future experimental testing. A loop is a complete round that includes four steps conceptualization, connection, construction and consolidation (4C). In each loop, feedback can be provided to help learners consolidate their learning by repeating and rehearsing the applicable step of 4C. All of which enhances use case modelling learning. More dedicated feedback can also be provided at the end of the consolidation step, based on learners' actions, thus cementing modelling understanding.
The framework can be optimized to identify which 4C step has the lowest student understanding based on the case study. The step with the lowest performance can be selected, and all students from that particular loop can be retrained to maximize performance. The proposed framework can be tested on modified case studies for students to develop critical analysis rather than using memorization. The interactive learning, using a framework, therefore, provides an interactive fashion to learn system modelling compare to what is traditionally available.
The future work of this project is to implement and test the framework and intervention in a classroom to measure impact of the framework against existing methods.
